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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnet resistance effect element 
which has both large polar izabi I ity and a small coercive force by 
constituting at least one side of a ferromagnetic layer, which is not in 
contact with an ant i ferromagnetic layer of a soft magnetic film provided 
with a thin high-polar izabi I ity film on a tunnel barrier layer side. 
SOLUTION: A ferromagnetic layer 13 constituting a free layer is 
constituted of a so It magnetic layer 16, provided with a thin 
high-polar izabi I ity film 15 on a tunnel barrier layer 14 side. The film 
15 has a stronger coercive force than a thin film which is made of 
Permalloy (R), etc. However, the coercive force of the film 15 can be 
reduced, while the polarizabi I ity on the surface of the ferromagnetic 
layer 13 which is in contact with the tunnel barrier layer 14 is 
maintained at a high value. Since the magnet resistance variations of a 
ferromagnetic tunnel junction vary depending upon the property of the 
surface of thin ferromagnetic layer contribution to tunnel phenomena, 
the a free layer structure is adopted. Therefore, a magnetoresi stance 
effect element having both a large polar izabi I ity and low coercive form 
can be real ized. 
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m&m 1 3 smumtomiz h **tw* y rm$:&A,tz 

IHICK&GBtttB&Ka L^a^tnS&SS^fcv>T , 

x<i > T'^^^^e^^^-^iw^iie^^^s 

[ffi#*3 3 Iflffitt^ffiMHiN i, Fe,_ a (OS 
x<0. 3 5 ) T$>&Zb$:*mb't&M?&miim<7> 

[fi#3S5 3 taffiA«fflfl:^**«2NWe«r&it*» 

imtma 3 «na«c»ttRii^^vo>f ni, Fe lM 

(0. 35SxS0. 8) "Cftftit*Wafc«» 
[IffcCTl 0] OTA 1 <D&mtl • 0 — 2. 5nnTC& 

[00013 

(mr am) t^L?tiea^tfi^^t^-r^ 0 

[00023 

fa^3Btna^<osHr^tasi*E*»^^i h^^y^y tb£& 



2 Pi P 2 / ( 1 - P, P 2 ) "CW&ft4. 
[00033 ifi^ h >-*/l^y TB<0ift*r<0i*lJblc J: 

5>f H- 7 4 ^y^X. 79^, 4724— 4729W (Journal 

of Applied Physics, vol. 79 , 4724—4729,199 
6) j 

[0 0 04 3 £«9fi^* ; P*igB£ffl^vcKW6. 
1 2C^fj;^:, SSlBttitl-CCoFeil 2 2h 
Coil24^\ irfi^W5fifflttt«CJ:-3r A 1 
2 0 3 j^MrfchV^UXyTBl 2 3 SttX^ffltJSS- 
Ero. £^«jfittHl 3tc^J:5&ra*JVCfW$ 

*vcv>*. aw^^tfflv^Txr^wci 3 i±cc 

oFe*&*MSl<0BflKtt«l 3 2tSSfl»L (0 
13(a)), ^I^VX^mUl. 2-2. 
OnmJ^COA 1 « 1 3 3 *jSW« (il 3 ( b ) ) . £ 

co a i m&mzm&T'v-jmifzm-rzbizx^z . a 

(01 3(c)). &mz. Z\<Vhy*;W*0Tmi 3 

4 ^ltsu i <?mm&m 1 3 2 fcM^i*i*«£ia«is 

(013(d)). Z*>lT&rei±* HESlffi«t»kstsfc L 
T©*1 8«fc^3*§*ffi0*»6*vCi*S. 

[000 5 3 *<7>m?)fflt LT, ^¥5-63254 
#4&«. ^¥6-244477^. «F0H¥8-7 
0 14 8^4fc«L WHT8 -70 14 9#4**L WW 
8-3 1654 8 r 1 997^ B#j£ffliK 

SGMSllS, 2 1*. 493— 496Hj $rh'<7>$&^#£>& . C 

i-cjihy-^^yrBcoje^tc. AiB^jsaKf*. Jz 

c. Co, N iam^<^*»<!)44*«J8m 

[00063 zn^comsK&mhmm^tr&mmmm 
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m^mftzffo. mt&h>-*)\sm&tf%m&m\m<<zb 
\' vrm&m ^h&ictt vx. xtyy ^i^-eii 

ftzmm^-z^mmmtmb i,ximx'$>&zki±£ 

<%\t>tlX^&. 
COO 07] 

ftz&mzfr^&feirzm&x'ZwitLtf*^^. 
t i> mm &x-$> *) , thf&mitcofMz* $ ^e&snjat^ 
bt**. u&»u c d Lfzmmmii-Hmiz®. i o 

[ 0 0 0 8 ] 2*, Bftffi^jH^&ffift'^ K*3fi 

^mx'h&w&m^mLmw&^X'$>&i)K m&ob 
mzm&tf. mtimx'tem?*m$:M%5z:£%:<& 

fcv^^rae^, mmizmi-?z>&&itztifz^8i®itf 

ZfetX\i&. 

i o o o 9 ] #ira<oBw»i. wcoi o *$&Mmnm 



izmt. mmiz<^%&mmRTsm j %ftj)m&®&zffi 
mzn&^&zttzhh. 

[00 10] 

attach >-*^y r»ia!(c»v^»»Bis:ffl^fe 

tiCo x Fe lM (0^x<l)^ XliNi, Fe 
,. 1 <0Sx<0. 3 5) JR. XJi^*fcTV#ffi*J$ 
o&JSTSHb-£1ftrC**> & d fc £4f£B 4: L , AWHft^flBT 

c o o 1 1 ] # £ l < *i, mm^mm^mma 1 o 

C 0 0 1 2 ] mffi!MSm&*-'?u4 N i s Fe,. a 

(o. 35^x^o. s) x'&zztzimkL. 

c o o i 3 1 ^w^m^vmmm^wmm^m. 
m&mcomz b >*>w*y Tm&m,tam&. b >^ 

wizm^ftmmmzffizfzmzimx'ffi&zix. 

[0014] *ftmz$>^x^ thscasm&JB 
t m lx t^v yfr?m®&mtf b **rw<v rm t <r>& 
m tzttmomsA zffiz-tz mtmk x-w&l xtix^* 

[ooi5] *«weo«ja*^(ci3^rtt. 

^^^mm^nm^x^mm^^'otz±±mit 
mco&^ktfsimx'Jbo , nMh^^un^p 

[00 163 

z&icommey&miz^x. mszimLxmwt 

4. 

[00 17] SltC^-Tia^. £9AI8ttJff 1 1/^^ 
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BHBttJB 1 3**h TI14 ^^*{Stc5fv% 

^$11 5£<t;*.*:&iKffiBll 6-C^$^TV^ 

h. zomttmmmi 5i*-$mtzm&&mkLxm^ 
ciot, h^A'ijrm 4 i:^-rs^mttigi3^ 

Lfzyv-mmm&m^&ztizji^x*: 

[00 183 »i*5WRl5i:L/t«i, Co, Fe lM 
(OSx<l) , XliNi, Fe!_ a (0^x< 

0.35) nwmt vxmf^tLh. 

K15 <7>JBU?i2 l 0naUrrc**Uf , 7 'J -mcoGmh 

wz&wmf&mi $<rmmx'WL&htzM^%m.i)mt> 

1 6i; Ua-70^N i, Fe,., (0. 35^x^ 
0. 8>*fflV*U*, lOeWT^^^^f) 

T«io9iatt»^ffi a -csfl: £ ttx msmmMtwo 

®T*9ISjec-^/S«>, 1. 0 — 2. 5nnT**£ t3&« 

aw *. 

COO 20] m2t,Z^-?£ol,Z, aitt!2K Sfttt 

&m < m^Ji ) 22, mim 2 3 ^s^+T-Brnj^L 

*:» (02 (a) ) , affi*WE&Cfc«r<ttBBRS:5|:A 

2 4£ffiH*-r* (02 (b) ) # 02 (b) tc^TJ;? 
(3, W1tt«2 3«ia3pjSl!l<BMfc$#i.4ifc**a*U 
i*. Lfctt, Co, F ei . s (0^x< 
lKXIiNi, Fe H <0^x<0. 3 5 ) , XJi 

tth>-^&^^0£^££^£-ti:& (132 
(c ) ) . 



[0 0 2 1 ] BMKttJBfclFe, Co, N i £rt:Ji-Hl£ 

^siutw^-cut^ 

g^x^-UFe, Co, NiiO^^^^h 

vrmt^hAit o 3 ii^^m-ci^ic 
Scj&r** . *$m<o&mx&7 y -a 2 7 0 t>^~ 

[0022] 

[&t&0U 3 4W^*l<0S©6W&BIBSS:#ffilLTI¥ 
fflfcSttW*. 

[00231 2j=^coea^^m^^^^^ti, 

5m#^TaIt 5nmJ?<7)N i 0 . 81 F e 0 l9 mcOZM& 
frt>&Z>'*v'7T-m3 2$:'ft-l,XJ8l$L$tltel 5nnJ? 
C0FeMn^A>£>=5:&^3SEBtf&13 3£:i?£ 1 0nm<ON 
io.8iFe 0 . ia KA»fe«:*flSltf5»fflEtt«3 4, ££>C 
^co±t3Al 2 0 3 ^m§hy^A''jr)i3 5 
£tf-LTEM£iX*:J5£ 3nm^)C o F e J^3 6 tm% 1 
5nmiON i 0 . 81 Fe 0 . l9 «iKttJH3 7«OZJBffi)&»4>«r* 
9S2co»«ttJB3 8-C«fifcSnft. ^-y 7 r-JB3 2(i 
K»»tt«^ttK*:ftolB't^«3t r «<0 FeMni 

77r-H$:Mt^N iojiFeo. 19 Mii (111) 
HEALTH*;! fc*«*&3rc* 9, -eo^-KJHfcLTT 
affi£rfflwO*&. TaE»tNb, Ti. Hf, 
Z r^^ffiO»«t«->-Ct>|3|«=SrSft»*«»^ixS. 

ttttZh IrMn, NiMn, PtMn, PdMn^ 
4f*ffiv^iti6<TS*. m^»«ttJB3 4«ilS5£ 
JB, *2<a»»tM3 8li7y-H£ttJft^*#, ZCO 

[ 0 0 2 4 3 act, *^^at^£0»%«?<!os3fi^ 

[00253 *r, 04(a) tC^-Ti ^ £ffi5££St 
^LfcSlSWlJbfcTaK (JiW : 5nm) tNi 0iS1 F 
e 0 . i 9 K(BW: 5nm) <03^^^' 7 7r-l 
4 2, FeMnJBI (JIM: 1 5 run) * & R3flKtt 
143, Ni 0 , 81 Fe 0 . 19 l!g (^ : 1 Onm) 
&mi<?m®!&m44. A 1H (AW: 2nm) 3^/b^r& 

<I^^tc^4 -f ^flfiw^-yy h 5^^«Si./v:S 

lltWy^/5^HKjlx 1 O-'To r rOT, 
Arff^lOmTorr, i^Wt^]2 0 0WT'J)o 
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^20TorrT10«^U, A1S^®45£ 
&t$m<tLh>*/W*0Tm46Zm&Lt: (04 (b) 
ttiMLXrtv? rv^V&mzZmVtztk. CoFe 
K mm: 3nm> 47. N i 0 . 9l F e 0 . 19 «M£R (R 
J5: 1 5nm) 4 8*»^=flr*»2cO»8BtttJB4 9 . Ta|g 

(IW: 5nm) *»fc*4MM5 0 MttLT*'*"* * 
m, (04 (c) ) . CCO 

4 imftcn—-}>mzi oooe<oa#*e«niufe. £ 

2 0 0 O e ^*t&life*J!Sr^raf!6«Vffi*ff o 

[0026] mz. misco? * hvvy^y -drntJ 
^A'yrme^-c^f^-ys'j^ts (04 

<e> > . £m^;*hAC*->'£»l,fc«Al 2 

0 3 fig (mm: 2 5 0nm)^^&*£&Jl5 2£m^t' 

-^as*L3t«. V7h*-7&'<fo (04 (f > . «a 

A 1 JR (mm: 2 0 0nm) 3&^^l»^15 3^1 

(04 (g) ) . 

too27] 05 tz*&?wowaftm*m^xfm Ltz 
o»a*T*& . ffiftffim&f&m: 10.4 0 , 

CoFe«4 7*#AL«rV^«3S^»^*ut5. 9%(C 

16Oetft0, CoFe^4 7^^AU^:V%^i:Ji: 

«£«Ji»S»2eoMWtJH4 9 LT£ll53nmi; ^? 
»CoFeii:N i 0 . 8l F e 0 . i %WmZJ&8ffi* 

[0028] -2r, fitefiffitt. 06^^-TJ: o lzm-% 

rnmizKLxm&£<m&m<7)m&z^Lfz. zcomz 
mrnx'MmtLtim&mt lx2. 4xio-«q 

mm^m^tmmm^x'^ibxmmLti. & 

£ 4. 2>f V^-S i ^xw\rt<o®^tafii<iOfcfeW 



[00 29 3 071C1 0X1 QutflZ&if2>im&im? 
SS<£JK£tiilo£i*T*> 1 0* A/cm* iT«i£<5Mk 

im#>t>%fr-otz. 3xio 1 A/cm2 -r tfiBtsuftta: 

10 4 A/cm* Ot8SE»arC3mV. 3X10 
* A/cm* r7mVt*ofc, 
[0030] 

mnm2 ] ^cc, *^^2<?«jfee?ti$:0ffi^.#HB 
Lxtmizwmi~&. 

[oo3i] ^m<^m^Mtm^m^-<7m^mmi^ 

5nmJiCcOTaJKfc 5nmJ?cON i 0 . 81 F e 0 . i 9 &«9^JBJ& 
frt>*&S<v7T—m8 2£-ftLXMf&£tl*ll 5nm/? 
^FeMnK3&*fe3Sr*rat»ttJB8 3fcJ¥S 1 OnmiOC 
oFei*^^103IIttJl84, Sfcfc-ttfXhfc: 
Al 2 0 3 m&t>&h hy^A'iJ7I8 5£tf-LT 
J&££iX*:I^£ 3nmtOC o F e^8 6 tm% 1 5nm<ON 
i O jiFe 0 , 19 ^mt4^8 7C0-Ji^^^^m2O^ 

«tt»88-c«j*3*i*. 

[0032] z<D®&m,m%}mm^<vwmxmz. m 1 

^SftttiBt UN i o. 81 F e 0 . l9 JK^ftfo OtC o F 
e KSrffloS £ £ £Bfc WCM:@4 c07*o-trX i: [BJ tT* 
h. ifiO*^-C«iS»fitftaWW«41 8. 8%-CS>0, 
»l<Ott«ttJBi: UN i 0 , 81 Fe 0 . 19 KS:fflv^*^ 

2. 0Oei#^l<^. c^cfc oiz. yy-m 

»»CoFeRkN i 0 .8i Fe 0>19 I«Mi: L, 
$^(«J§«tl>®l^l8tt)li:lrCoFe 

[0033] 

[0034] ^^coa^S^MT'^^^ffigU. 
09^-TJ:a(-, raSrnftBMfcUfcS ijfi«C9 l±tc 
5nmi?^Ta^i: 5nmJg^)N i 0 . 81 F e 0 . ! 9 J^COZ^J^ 
*»^>^r^N'-/ 7 T—M9 2 *itVXWtfLZtltz 1 5nm^ • 
C0FeMnJRa»&:S:££3£&eJB9 3. lOnm^Ni 
0i81 Fe 0i l9 ®cmffi^9 4i: 3nmilcOCoF e^9 50 
ZJBBfc&»t'flr*»ltf»3ftBtttJH9 6. $^1:^H:a 

1 2 0 3 K*»^:4:& hy^A'»J7l9 7^UT^ 
^$fL^3nmilcOCo F ej^9 8t 1 5nmJ|C<3DN i 0i81 

f e 0 . ^^^9 9&zMm^*&m2crmm&m 
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9 1 0X~m&L2tl&. 

[0035} zcomsmim^mttmrnirmi. mi 
cosm&m hUNi 0 . 81 Fe 0>19 mmmcoitii o i~ i 

OnmJ^<7)N i 0 .8iFe 0 .i9tlSftl9 4i:3niiifOCo 
7. 5%T'&0. ^lc0^^3ttXm2c0^iattJgi: 

$£Ji >j -jh zmtittzm i <o3£bm£ji 9 emtm 

2<7mW&M9 1 0t LTJ^J?3nmi:^ofiW^CoF 
eitNi 0 . 81 F e 0 . l < i m<7>ZMffi&b*t&Zb(,z£ 

wim&mmst&mm&itx tio* A/cm* a-c 

[00 36] 

[»£094] *%ffia&402mOT£@Ri£4Hgl 

[0037] *n&wm5tttmmm¥*m*M&i&* 
m i o iz^-tx o tz. *as*i!ftiwfcbfe s i aw i o i 

±t3 5 nmJ^COT a ®| b 5 nmJ?<0 N i o. si P" e o. i 9 J&^— 
M^^S^^r— JB 1 02^UM5^1 
5nmJ?<Z)FeMni|g^&&*&&ffittfll 0 3bm$l 
OnmcON i 0 . 81 F e 0 . l9 m&t>&&1& 1 <03&B&14J§ 1 O 
4. ££>k:-£<7)_HcA 1 2 0 3 JgyPbfthhls^lW* 
•J7JB10 5*^Ur»li£$*l.fe«3niD<0FeJHl 0 
6fcl?£ 1 5nmiT)N i 0 . 8l F e 0 . 19 l&8Btf4JBil 0 7*7)1 
«K**££SSS2tf>3MBttH 1 0 8Tfltl£$*t&. 
[0038] iOffltS«afitS6*«^!)KJfi*ffili. ®2 
<7>M£14JlfcLT3nmJ^cOCoFe&fc 1 5nml?60N i 
o. 8 iFe 0 . 19 ro^Zll^Ot:, 3nml?<0F 
eiRl 06 t 1 5nmJ?<ON i 0 . 8l Fe 0 . 19 tmiO 

7 co—mf&zm^i&z. t zm^xumi coy*** t m 
tx**. z<7>m*x'&m&mti@£fami*i o. o%t- 

fcO. F e K 1 0 6 Iff AL*V«tft tflfc 5 . 9 

2OeT'£>0. FeKl0 6t#AL^*& 
fcitRL-Cfc 10eJ3lT^)J«lhI-C*ofc. CicOj; d (C. 

7u-«*««-r*a52<o3»att«i oat Lxmm3 

nmfc^3flS3fcOFeKi:N i 0 . 8 iFe 0 , 19 ^Z^^ 

<vmsMfflmfrim&^&&&mmzitx^ i o* 

A/cm* 4Tfi£< »fc*«lStf> fc. 
[00 39] «tttffilTJi®^B«r«jRi-&» 1 O&tt 
ttJHi: LTN i 0 .8|Fe 0 . 19 BaSrfflv^rv^&3&«, *<7>ffi 
fcfcS*fl^2Rl/3(C^Lfc<0fcH«Of»C, Fe 



BL XiiN i 0 .8iFe 0 .i9Wfcffi»OFett*5r«!M: 
[0040] 

[oo4i] ^%B^coea^tJ3»m^cos^it(i. 
mi nz^xoiz. sm^ssawku/ssiSfii 1 1 

_LtZ5nmIScOTa^i: 5nml?C0N i 0i!i Fe 0i l9 B8*0~ 

5nmJ^FeMn^4>&&^3£$tt£m 1 3£JfT£ 1 
OranON i MnS b 1 <7»JKttJB 114, 

3fcfc*0Xhfc:A 1 2 0 3ffi*»&*r4bv*/l^'JTJH 
1 1 5&lt\^XffiJ&ZiXtzm~£ 3tw<?)N i MnSbil 
1 6tm$ 1 5nm^N i 0 . 8i F e 0 . i 9 R&ttiRL 1 7 CO 
ZJBJBb&»^=Sr&S52tf55l»ttJBl 1 8T«J£3*U>. 
[0042] C O^ffitfi^S^<0SB£;fra=li . 9 1 
^Itelt Ut N i o. 8i F e 0 . i9*0tt*>9CN i M 
nSbRi, ^2c0^lKttahLTCoFeJ^i:N i 
o.BiFeo.jgtKaeKorJBKOft^Ofc:, NiMnS 
bfRl 1 6fcN i 0 . 81 Fe 0 .i9«a»ttKl 1 1 <^ZLMm 
&m^&Zb$:m^X\3im4eoy'X3*Xtm&X'$>&. 

z oaR^r ««ssfi*asEft«i 21. 3 %r & 0 , m 1 

<03&&t£§fc L*C N i 0. 8i F e„. i 9 J8£ffl^**£Kit 

7U-JB*>«ffl0Jti2. 6 

«»2«aa»tt«i i8t Lxmm3nmt^^omm<D 

N i M n S bmt N i o. 8l F e 0 . 19 j&<0^1fi§fi5ch U 
3 4>fclBSS*«J*^*m<0»»tt»fc UNiMn 

jDS*r*>10« A/cm* £T-i*£<£Mfc#12*>£>$r 

[0043] ^mmmxim^m^m^hm-co^m 

&mt LXN iMnSbM^rt^^, 
SWHOTl&t^3fc:^L)t<Ofc|aiatf5^T, Ni 0 . 81 F 
e 0 . 19 K. ^^(iN i 0>81 Fe 0 . 19 J^fc^H^N i Mn 

Wo*X'h%^. 
[0044] 

[mi] *fHHO» 1 tf!)SUStf!WSI*i»W6fc«>^« 
im2 ] ( a ) - ( c ) (i*«^»2<OHi6^JBS: 
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[03 3 *m&m&mi zmwt2>tz#><7>mmmx'*> 

[043 ( a ) - < g > ammm i zmm?htnba>jL 

ims] mm i x-imLtzmsmtmmm^m^M 

ime] mf&m i xfmLtimsmtmmm^com^m. 

c m 7 3 ^sfe^g i vim Ltzm^msmmm^ i o u 
mnm&i,zMi&m&uiz<DmM®&mf&z^'?mx' 

\m& \ *m\<o%mm2*mty^hrzfr<nm : mmx*2> 

[09 3 *mn<»mmi3zmtt-&tiih<r>mmmx~3b 



[010] *m\<r&mi4znmthKfr<nmimx' 

[011] ^^^^5$r^W-^^^5t0-C 

[012] mwrnszw^wm^mw^htzfrcnm 

[013] (a)-(d) u^&msmsm&m^z 
mmth tz#><7>jjmmx*$> h . 

[fi^Ot^] 

11.21 CTiSBteJi 

12.22 (msm) 

13,27 

14,24 h^/PA'ijri 
2 5 K^S4EJS. 

2 6 
2 3 
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[033 
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